Adherence to a mediterranean diet is associated with lower prevalence of osteoarthritis: Data from the osteoarthritis initiative by Stubbs, Brendon
Accepted Manuscript
Adherence to a mediterranean diet is associated with lower prevalence of
osteoarthritis: Data from the osteoarthritis initiative
Nicola Veronese, MD, Brendon Stubbs, PhD, Marianna Noale, ScD, Marco Solmi,
MD, Claudio Luchini, MD, Toby O. Smith, MD, Cyrus Cooper, MD, Giuseppe
Guglielmi, MD, Jean-Yves Reginster, MD, Renè Rizzoli, MD, Stefania Maggi, MD
PII: S0261-5614(16)31279-1
DOI: 10.1016/j.clnu.2016.09.035
Reference: YCLNU 2948
To appear in: Clinical Nutrition
Received Date: 22 July 2016
Revised Date: 18 September 2016
Accepted Date: 29 September 2016
Please cite this article as: Veronese N, Stubbs B, Noale M, Solmi M, Luchini C, Smith TO, Cooper C,
Guglielmi G, Reginster J-Y, Rizzoli R, Maggi S, Adherence to a mediterranean diet is associated with
lower prevalence of osteoarthritis: Data from the osteoarthritis initiative, Clinical Nutrition (2016), doi:
10.1016/j.clnu.2016.09.035.
This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
1 
 
ADHERENCE TO A MEDITERRANEAN DIET IS ASSOCIATED  1 
WITH LOWER PREVALENCE OF OSTEOARTHRITIS:  2 
DATA FROM THE OSTEOARTHRITIS INITIATIVE 3 
 4 
Nicola Veronese1,2, MD,  Brendon Stubbs3,4,5, PhD, Marianna Noale6, ScD, Marco Solmi2,7,8, MD, 5 
Claudio Luchini9,10, MD, Toby O Smith11, MD, Cyrus Cooper12-14, MD, Giuseppe Guglielmi15,16, 6 
MD, Jean-Yves Reginster17, MD, Renè Rizzoli18, MD, Stefania Maggi6 , MD 7 
 8 
1 Department of Medicine (DIMED), Geriatrics Division, University of Padova, Italy. 9 
2
 Institute of clinical Research and Education in Medicine, Padua, Italy. 10 
3
 Physiotherapy Department, South London and Maudsley NHS Foundation Trust, Denmark Hill, 11 
London SE5 8AZ, United Kingdom.  12 
4 Health Service and Population Research Department, Institute of Psychiatry, Psychology and 13 
Neuroscience King's College London, De Crespigny Park, London Box SE5 8AF, United Kingdom. 14 
5
 Faculty of Health, Social Care and Education, Anglia Ruskin University, Bishop Hall Lane, 15 
Chelmsford CM1 1SQ, UK 16 
6National Research Council, Neuroscience Institute, Aging Branch, Padova, Italy. 17 
7
 Department of Neurosciences, University of Padova, Padova, Italy.  18 
8 National Health Care System, Padova Local Unit ULSS 17, Italy. 19 
9 Department of Pathology and Diagnostics, University and Hospital Trust of Verona, Verona, Italy. 20 
10
 Surgical Pathology Unit, Santa Chiara Hospital, Trento, Italy. 21 
11  Faculty of Medicine and Health Sciences, University of East Anglia, Norwich Research Park, 22 
Norwich, NR4 7TJ, United Kingdom. 23 
12 Oxford NIHR Musculoskeletal Biomedical Research Unit, Nuffield Department of Orthopaedics, 24 
Rheumatology and Musculoskeletal Sciences, Nuffield Orthopaedic Centre, University of oxford, 25 
Windmill Road, Oxford, OX3 7LD, UK. 26 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
2 
 
13 MRC Lifecourse Epidemiology Unit, Southampton General Hospital, University of Southampton, 27 
Southampton, SO16 6YD, UK. 28 
14 National Institute for Health Research Nutrition Biomedical Research Centre, University of 29 
Southampton and University Hospital Southampton NHS Foundation Trust, Southampton General 30 
Hospital, Southampton, SO16 6YD, UK. 31 
15 Department of Radiology, University of Foggia, Foggia, Italy. 32 
16 Department of Radiology, Scientific Institute "Casa Sollievo della Sofferenza" Hospital, San 33 
Giovanni Rotondo, Foggia, Italy. 34 
17 Department of Public Health, Epidemiology and Health Economics, University of Liege, CHU 35 
Sart Tilman B23, 4000, Liège, Belgium. 36 
18 Division of Bone Diseases, Department of Internal Medicine Specialties, Geneva University 37 
Hospitals and Faculty of Medicine, Geneva, Switzerland. 38 
 39 
Corresponding Author: 40 
Nicola Veronese, MD 41 
Department of Medicine - DIMED, Geriatrics Division, University of Padova, Padova, Italy 42 
Via Giustiniani, 2 35128 Padova, Italy 43 
Phone: +390498218492; Fax: +390498211218 44 
Email: ilmannato@gmail.com   45 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
3 
 
ABSTRACT 46 
Background & Aims: The Mediterranean diet appears to be beneficial for several medical 47 
conditions, but data regarding osteoarthritis (OA) are not available. The aim of this study was to 48 
investigate if adherence to the Mediterranean diet is associated with a lower prevalence of OA of 49 
the knee in a large cohort from North America.  50 
Methods: 4,358 community-dwelling participants (2,527 females; mean age: 61.2 years) from the 51 
Osteoarthritis Initiative were included. Adherence to the Mediterranean diet was evaluated through 52 
a validated Mediterranean diet score (aMED) categorized into quartiles (Q). Knee OA was 53 
diagnosed both clinically and radiologically. The strength of the association between aMED 54 
(divided in quartiles) and knee OA was investigated through a logistic regression analysis and 55 
reported as odds ratios (OR) with 95% confidence intervals (CIs), adjusted for potential 56 
confounders.  57 
Results: Participants with a higher adherence to Mediterranean diet had a significantly lower 58 
prevalence of knee OA compared to those with lower adherence (Q4: 25.2% vs. Q1: 33.8%; 59 
p<0.0001). Using a logistic regression analysis, adjusting for 10 potential confounders with those in 60 
the lowest quartile of aMED as reference, participants with the highest aMED had a significant 61 
reduction in presence of knee OA (OR,0.83; 95% CIs: 0.69-0.99, p=0.04). Among the individual 62 
components of Mediterranean diet, only higher use of cereals was associated with lower odds of 63 
having knee OA (OR: 0.76; 95% CI: 0.60-0.98; p=0.03).  64 
Conclusions: Higher adherence to a Mediterranean diet is associated with lower prevalence of knee 65 
OA. This remained when adjusting for potential confounders. 66 
 67 
Keywords : osteoarthritis; Mediterranean diet; aged; healthy ageing; lifestyle.  68 
 69 
  70 
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INTRODUCTION 71 
The term ‘Mediterranean diet’ encompasses the traditional dietary habits of people from across the 72 
Mediterranean region and is usually depicted as a food pyramid[1]. The Mediterranean-style diet is 73 
an established healthy-eating diet pattern that has consistently demonstrated to have beneficial 74 
effects on musculoskeletal[2], cardiovascular[3], metabolic[4], and cognitive[5] diseases.  75 
 76 
Recent global surveys of disease surveys have demonstrated that whilst average life expectancy is 77 
increasing[6,7], the number of years people that live with chronic conditions is also rising. One of 78 
the most common causes of years lived with disability are chronic musculoskeletal disorders [8,9]. 79 
Osteoarthritis (OA) of the knee is the 11th highest contributor to global disability[10]. The 80 
worldwide prevalence of OA has been estimated as 10% in men and 20% in women over the age of 81 
60 years [11].  82 
 83 
To the best of the author’s knowledge, no analyses have investigated the relationship between 84 
Mediterranean diet and OA[12]. The Framingham Osteoarthritis Cohort study previously reported 85 
that participants with higher vitamin C and E and β-carotene intake may be less likely to have 86 
progressive knee OA[13]. However this is only one of the few studies investigating the effect of 87 
diet on OA in humans. In mice, the use of olive oil, an essential component of Mediterranean diet, 88 
appears to be associated with a lower articular cartilage degradation[14] suggesting a potential role 89 
of diets rich in this component for OA.      90 
 91 
Given the potential benefits of the Mediterranean diet on several diseases and the absence of data on 92 
OA, this study aimed to investigate whether adherence to a Mediterranean diet is associated with 93 
lower prevalence of knee OA in a large cohort of North American people from the Osteoarthritis 94 
Initiative dataset. We hypothesized that higher adherence to Mediterranean diet was associated with 95 
lower prevalence of knee OA.    96 
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MATERIALS AND METHODS 97 
Data source and subjects 98 
Data were gathered from the Osteoarthritis Initiative (OAI) database.  The OAI is a publically 99 
available database open  at http://www.oai.ucsf.edu/. Within the OAI, potential participants were 100 
recruited across four clinical sites in the United States of America (USA) (Baltimore, MD; 101 
Pittsburgh, PA; Pawtucket, RI; and Columbus, OH) between February 2004 and May 2006. People 102 
were eligible in the OAI who either: (1) had knee OA with knee pain for a 30-day period in the past 103 
12 months or (2) were at high risk of developing knee OA [15]. For the current paper, we used the 104 
data recorded during baseline and screening evaluations (November 2008). 105 
 106 
All participants provided informed written consent. The OAI study was given full ethical approval  107 
by the institutional review board of the OAI Coordinating Center, at University of California in San 108 
Francisco. 109 
 110 
Adherence to the Mediterranean diet (exposure) 111 
Dietary pattern was analysed using a validated tool, the Block Brief 2000 food frequency (FFQ) 112 
questionnaire during the baseline visit [16]. Seventy items were assessed for checking the usual 113 
food and beverage consumption over the past year. The frequency of consumption was reported at 114 
nine levels of intake from “never” to “every day”. In addition, were seven dietary behavior 115 
questions were available regarding food preparation methods and fat intake, one question on fiber 116 
intake, and 13 questions on vitamin and mineral intakes. 117 
 118 
Adherence to the Mediterranean diet was evaluated using the Mediterranean diet score (aMED) as 119 
proposed by Panagiotakos et al.[17]. This score is based on a food frequency questionnaire which 120 
was recorded during the baseline OAI visit. The aMED takes into consideration several foods 121 
commonly consumed within the  Mediterranean diet. Each food has a score from 0 (less adherent) 122 
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to 5 (better adherence); the total score ranges from 0 to 55, with higher values indicating higher 123 
adherence to a Mediterranean diet. Cereals (e.g. bread, pasta, rice), potatoes, fruits, vegetables, 124 
legumes (e.g. peas, beans), fish were categorized according to servings/month in: 0=never; 1=1 to 4 125 
servings for month; 2=5 to 8; 3=9 to 12; 4=13 to 18; 5= more than 18 servings/month. Since there 126 
was no information regarding the consumption of whole cereals vs. refined cereals as this was 127 
collected, all types of grains were considered in the present analyses under the same heading. The 128 
consumption of red meat, poultry and full fat dairy products (e.g. milk cheese, yogurt) were 129 
categorized as: 0=more than 18 servings/month; 1=13 to 17 servings for month; 2=9 to 12; 3=5 to 130 
8; 4=1 to 4; 5= never). The use of olive oil was categorised as the times used in a week in: 0=never; 131 
1=rare; 2 ≤1/weekly; 3= 2 times/weekly; 4=3 to 6; 5=daily. Finally, alcoholic beverages were 132 
categorised as: 0≥700 ml/day or 0; 1600 to 699 ml/day; 2=500 to 599 ml/day; 3=400 to 499 ml/day; 133 
4=300 to 399 ml/day; 5=< 300 ml/day.   134 
 135 
Since there are no agreed cut-offs scores for higher a ED adherence, we divided the population in 136 
to quartiles using 25, 28 and 32 points in: aMED<25, 26-28, 29-32, and >33.  137 
 138 
Outcome 139 
The primary analysis was to determine the presence of knee OA, defined as the combination in the 140 
clinical reporting and assessment of pain and stiffness (i.e. pain, aching or stiffness in or around the 141 
knee on most days during the last year), and radiographical OA on the baseline fixed flexion 142 
radiograph based on the presence of tibiofemoral osteophytes (correspondent to Osteoarthritis 143 
Research Society International atlas grades 1-3, clinical center reading).  In the OAI, the presence of 144 
pain, stiffness, and physical functioning (or disability) due to OA was assessed through the 145 
WOMAC (Western Ontario and McMaster Universities Arthritis Index). Briefly, the responses for 146 
each subscale (pain, stiffness, disability) are categorized on a five-point Likert scale ranging from 147 
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none (0 points) to extreme (4 points) [18]. The maximum possible score is 68, and the final score 148 
was normalized to 100 (range 0–100), with higher scores reflecting greater activity limitations. [18] 149 
Covariates 150 
We identified 10 potential self-reported confounders that we considered when assessing the 151 
relationship between aMED and knee OA. These included body mass index (BMI); physical 152 
activity evaluated using the Physical Activity Scale for the Elderly scale (PASE);[19] race; smoking 153 
habit, educational attainment level  and yearly income (< or > $50,000 and missing data).  154 
 155 
Validated general health measures of self-reported comorbidities were assessed through the 156 
modified Charlson comorbidity score[20]. Among the medical morbidities assessed through the 157 
Charlson co-morbidity score, we reported descriptively the prevalence of some common diseases in 158 
North American people, namely fractures, heart attack and failure, stroke, chronic obstructive 159 
pulmonary disease, diabetes and cancer. [21] 160 
 161 
Statistical analyses 162 
For continuous variables, normal distributed data assumptions were tested using the Kolmogorov-163 
Smirnov test. The data were shown as means ±standard deviations (SD) for quantitative measures, 164 
and frequency and percentages for all discrete variables. For continuous variables, differences 165 
between the means of the covariates by aMED quartiles were calculated using an Analysis of 166 
Variance (ANOVA); chi-square test was applied for discrete variables. Levene’s test was used to 167 
test the homoscedasticity of variances and, if its assumption was violated, then Welch’s ANOVA 168 
was used. Post-hoc analyses and Bonferroni adjustment were applied to compare data.  169 
 170 
Next, in order to consider the relationship between knee OA and aMED scores, a logistic regression 171 
was conducted with the presence of knee OA considered as  the outcome and the aMED as the 172 
exposure and categorized in quartiles and taking in Q1 (=lowest aMED) as the reference group. The 173 
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basic model was not adjusted for any confounders, whilst the fully adjusted model included the 174 
following adjustments: age (as continuous); sex; race (whites vs. others); BMI (as continuous); 175 
education (degree vs. others); smoking habits (current and previous vs. others); yearly income 176 
(categorized as > or < 50,000$ and missing data); Charlson comorbidity index; PASE score (as 177 
continuous), total energy intake (as continuous). Multi-collinearity among covariates was assessed 178 
through variance inflaction factor (VIF), taking a cut-off of two as reason of exclusion, but no 179 
covariate was excluded for this reason. Adjusted odds ratios (OR) and 95% confidence intervals 180 
(CI) were finally calculated to estimate the strength of the associations between aMED (categorised 181 
as quartiles) and knee OA. Similarly, we performed the same analyses taking individual 182 
components of Mediterranean diet as exposure and dividing the adherence in low (score 0-1-2 183 
points over 5 available) and high (4-5).  184 
The analyses for the paper were undertaken with the SPSS software version 21.0 for Windows 185 
(SPSS Inc., Chicago, Illinois). All of the statistical tests were two-tailed and a level of <0.05 was 186 
considered as significant.  .  187 
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RESULTS 188 
Sample selection 189 
The OAI dataset includes a total of 4,796 North American participants. After excluding 109 190 
participants with hip or knee replacement, 175 participants due to missing aMED data and 62 with 191 
unreliable caloric intake (<500 or >5000 Kcal/day), 4,358 participants were finally included in the 192 
current analyses.  193 
 194 
Descriptive characteristics  195 
Among the final sample of 4,358 participants, 1,831 were males and 2,527 females. Mean age was 196 
61.2 years (±9.1 years; range: 45-79). Mean aMED score was 28.1 points (5.1 points; range: 5-44). 197 
The prevalence of OA (diagnosed according to the presence of pain, stiffness and radiographical 198 
tibiofemoral osteophytes) in this cohort was 29.1%. 199 
  200 
Table 1 illustrates the baseline characteristics by a ED quartiles. Those in the highest quartile 201 
(reflecting higher adherence to Mediterranean diet) were older, more likely to be female, white, 202 
with higher educational level and income than those within the other quartiles. Those in the highest 203 
quartile of aMED had  a lower BMI values) and had fewer medical morbidities, even if these 204 
participants reported a higher prevalence of cancer (Table 1). 205 
 206 
Adherence to Mediterranean diet and osteoarthritis 207 
As shown in Table 2, there was a significant lower presence of knee OA in those with higher aMED 208 
scores compared to other quartiles (Q4: 25.2% vs. Q1: 33.8%; p<0.0001). Using a logistic 209 
regression analysis adjusting for 10 potential confounders, and taking those with the lowest 210 
adherence to Mediterranean diet as reference (=Q1), participants with the highest adherence to 211 
Mediterranean diet had a significantly reduced probability of knee OA (OR=0.83; 95% CI: 0.69-212 
0.99, p=0.04;  Table 2). Other factors significantly associated with knee OA in the multivariate 213 
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analysis were: BMI (for each increase in one Kg/m2: OR=1.08; 95%CI: 1.06-1.10, p<0.0001), non- 214 
white ethnicity (OR=1.60, 95%CI: 1.35-1.90, p<0.0001) and below college level education 215 
(OR=1.23; 95%CI: 1.04-1.44; p=0.03), while age was marginally significant  (for each year: 216 
OR=1.008; 95%CI: 1.00-1.02, p=0.05). 217 
 218 
Table 3 illustrates the effect of individual components of Mediterranean diet and their association 219 
with the presence of knee OA. After adjusting for potential confounders, only higher use of cereals 220 
was associated with a significantly reduced probability of knee OA (OR=0.76; 95%CI: 0.60-0.98; 221 
p=0.03).   222 
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DISCUSSION 223 
In this large cross-sectional study, we found evidence to suggest that North American people who 224 
are more adherent to a Mediterranean diet  had a significantly lower presence of knee OA. After 225 
adjusting for 10 potential confounders, those with the highest aMED score (i.e. more adherent to the 226 
Mediterranean diet) had a significant lower prevalence of knee OA by approximately 17%.  227 
 228 
Participants with a higher adherence to a Mediterranean diet had significantly lower BMI values 229 
and fewer medical morbidities (particularly diabetes), higher education level and greater income 230 
than other participants. This suggests that these factors may also influence the prevalence of knee 231 
OA in individuals with higher adherence to Mediterranean diet. At the same time, such participants 232 
had a significantly higher presence of two important risk factors for knee OA, namely being female 233 
and older in age [22]. The apparent paradox of higher prevalence of cancer among those with higher 234 
aMED score could be due to a change toward a healthier diet among those diagnosed with 235 
cancer.[23] This discrepancy, however, indirectly confirmed a significant and independent 236 
association between higher adherence to this dietary pattern and lower prevalence of knee OA. 237 
After adjusting for potential confounders (including severity of comorbidity and social and 238 
economic factors), the association between aMED and knee OA remained statistically significant. 239 
The multivariate analysis suggests that obesity, education and race are associated with prevalent 240 
OA, also taking in account other potential confounders. Thus, since our research suggests that 241 
Mediterranean diet is associated with a lower risk of knee OA, obese, less educated and non-white 242 
people should be monitored in order to encourage them to follow a healthier diet.  243 
 244 
Whilst our data is cross sectional and causality cannot be determined, there may be a number of 245 
mechanisms that might explain the relationship we observed.  Firstly, a higher adherence to a 246 
Mediterranean diet is linked to a decrease in inflammation.[24] Inflammation is acknowledged as an 247 
important pathway in the development of knee OA.[25] Therefore the anti-inflammatory properties 248 
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derived from the phytochemicals in a Mediterranean diet may modify this pathway.[14]  Secondly, 249 
a Mediterranean diet may influence a reduction in oxidative stress markers.[26] These have been 250 
purported to influence the onset of OA though providing increasing levels of collagen type II and 251 
aggrecan expression whilst inhibiting apoptosis-related proteins expression, providing a 252 
chondroprotective effect.[27,28] Finally, Mediterranean diet could play a role in the remodeling of 253 
extracellular matrix (ECM)[29] promoting effective repair of the ECM which is frequently 254 
defective in those who develop and present with OA. All factors could play an important role in the 255 
development of knee OA, and provide a physiological rationale for these findings.[30]  256 
 257 
Previous literature on Mediterranean diet and rheumatic diseases has largely focused on population 258 
with rheumatoid arthritis. In this case, several observational[31–34] and interventional[35–37] 259 
studies suggest a protective role for some components of Mediterranean diet on rheumatoid arthritis 260 
indirectly suggesting a potential role also for OA. However the pathogenesis of this condition is 261 
very different to OA, thereby making these finding important. Whilst a subset of people with OA 262 
may present with an inflammatory phenotype to their disease process, this is not uniform[38]. 263 
Accordingly, these results suggest that the protective mechanism which a Mediterranean diet is 264 
suggestive to confer may not be solely attributed to the inflammatory pathway[37], but to some 265 
other pathophysiological or epigenetic mechanism.  266 
 267 
Previously there had been limited investigating into the impact of Mediterranean diet on knee OA. 268 
Animal models have shown that the supplementation of olive oil, an essential component of 269 
Mediterranean diet, may preserve the articular cartilage, particularly when prescribed in 270 
combination with physical activity[14]. From our analyses, there was no independent association 271 
between the use of olive oil and knee OA. Conversely, on assessing the individual components of a 272 
Mediterranean diet, only higher use of cereals was associated with lower probability of knee OA. 273 
There is limited evidence around the consumption of cereals and the relationship to knee OA. 274 
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However it could hypothesized that a higher intake of cereals could contribute to a lower prevalence 275 
of knee OA through anti-inflammatory and anti-oxidative stress action, but also due to these being 276 
good sources of vitamins and minerals (such as magnesium[39,40]) which may play a role in lower 277 
prevalence of knee OA. However it should be noted that pasta and rice are often consumed in 278 
association with olive oil and vegetables and, as supported in previous studies[1,41], not the single 279 
components, but the combination of the different ingredients of the Mediterranean diet is 280 
responsible for the protective effect and the health benefit observed with this dietary pattern. 281 
 282 
The analysis suggests a negative association between Mediterranean diet and knee OA, suggesting a 283 
possible a protective effect on knee OA. Clinically, these findings indicate that for those at higher 284 
risk of developing knee OA, recommendation and promotion of such a diet may be warranted. 285 
Further investigation to identify which types of individuals are most to benefit from this 286 
recommendation and what the mechanisms and contexts should be in which to implement such 287 
dietary advice, should be undertaken. 288 
 289 
The findings of our research should be considered within its limitations. The main is the cross-290 
sectional nature of our research therefore precluding any consideration of a potential causal 291 
relationship between Mediterranean diet and knee OA, making residual confounding very likely. 292 
Second, we were not able to see the influence of bio-humoral markers (e.g. inflammation) in the 293 
association between Mediterranean diet and knee OA, but these markers could be of importance. A 294 
third limitation is that the medical conditions are self-reported and this could introduce a bias. 295 
Finally, we have used a slight modified version of a previous Mediterranean diet adherence[17] and 296 
also this choice could introduce another bias. On the contrary, among the strengths of our work, we 297 
could say the large sample size included and the fact this is the first epidemiological study reporting 298 
data on the impact of this dietary pattern on a frequent condition, like knee OA.  299 
 300 
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To conclude, the results from our paper indicate that a higher adherence to a Mediterranean diet is 301 
associated with lower prevalence of knee OA, even after adjusting for several important 302 
confounders. Further longitudinal research is required to confirm/ refute our findings and explore 303 
potential pathophysiological mechanisms.  304 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
15 
 
ACKNOWLEDGMENTS 305 
Statement of authorship: Analysis and interpretation of data: Veronese, Noale, Luchini. Draft of 306 
the article: Stubbs, Veronese, Maggi, Solmi. Critical revision for important intellectual content: 307 
Cooper, Smith, Guglielmi, Reginster, Rizzoli. All authors approved the version submitted. 308 
 309 
Conflict of interest: none.  310 
 311 
Founding source: The OAI is a public-private partnership comprised of five contracts(N01-AR-2-312 
2258; N01-AR-2-2259; N01-AR-2-2260; N01-AR-2-2261; N01-AR-2-2262)funded by the National 313 
Institutes of Health, a branch of the Department of Health and Human Services, and conducted by 314 
the OAI Study Investigators. Private funding partners include Merck Research Laboratories; 315 
Novartis Pharmaceuticals Corporation, GlaxoSmithKline; and Pfizer, Inc. Private sector funding for 316 
the OAI is managed by the Foundation for the National Institutes of Health. This manuscript was 317 
prepared using an OAI public use data set and does not necessarily reflect the opinions or views of 318 
the OAI investigators, the NIH, or the private funding partners.  319 
 320 
Sponsor’s role: the sponsors had no role in the design, methods, subject recruitment, data 321 
collection, analysis or preparation of this paper.  322 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
16 
 
REFERENCES 323 
[1] Willett WC, Sacks F, Trichopoulou A, Drescher G, Ferro-Luzzi A, Helsing E, et al. 324 
Mediterranean diet pyramid: A cultural model for healthy eating. Am J Clin Nutr 1995;61. 325 
doi:10.1007/s13398-014-0173-7.2. 326 
[2] Haring B, Crandall CJ, Wu C, LeBlanc ES, Shikany JM, Carbone L, et al. Dietary Patterns 327 
and Fractures in Postmenopausal Women. JAMA Intern Med 2016. 328 
doi:10.1001/jamainternmed.2016.0482. 329 
[3] Nissensohn M, Román-Viñas B, Sánchez-Villegas A, Piscopo S, Serra-Majem L. The Effect 330 
of the Mediterranean Diet on Hypertension: A Systematic Review and Meta-Analysis. J Nutr 331 
Educ Behav 2016;48:42–53.e1. doi:10.1016/j.jneb.2015.08.023. 332 
[4] Schwingshackl L, Missbach B, König J, Hoffmann G. Adherence to a Mediterranean diet and 333 
risk of diabetes: a systematic review and meta-analysis. Public Health Nutr 2015;18:1292–9. 334 
doi:10.1017/S1368980014001542. 335 
[5] Cao L, Tan L, Wang H-F, Jiang T, Zhu X-C, Lu H, et al. Dietary Patterns and Risk of 336 
Dementia: a Systematic Review and Meta-Analysis of Cohort Studies. Mol Neurobiol 2015. 337 
doi:10.1007/s12035-015-9516-4. 338 
[6] Murray CJL, Vos T, Lozano R, Naghavi M, Flaxman AD, Michaud C, et al. Disability-339 
adjusted life years (DALYs) for 291 diseases and injuries in 21 regions, 1990-2010: A 340 
systematic analysis for the Global Burden of Disease Study 2010. Lancet 2012;380:2197–341 
223. doi:10.1016/S0140-6736(12)61689-4. 342 
[7] Ilieva EM, Oral  a., Kücükdeveci  a., Varela E, Valero R, Berteanu M, et al. Osteoarthritis. 343 
The Role of Physical and Rehabilitation Medicine Physicians. The European perspective 344 
based on the best evidence. Eur J Phys Rehabil Med 2013;49:579–93. 345 
[8] Vos T, Flaxman AD, Naghavi M, Lozano R, Michaud C, Ezzati M, et al. Years lived with 346 
disability (YLDs) for 1160 sequelae of 289 diseases and injuries 1990-2010: a systematic 347 
analysis for the Global Burden of Disease Study 2010. Lancet 2012;380:2163–96. 348 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
17 
 
doi:10.1016/S0140-6736(12)61729-2. 349 
[9] Veronese N, Cereda E, Maggi S, Luchini C, Solmi M, Smith T, et al. Osteoarthritis and 350 
Mortality: A Prospective Cohort Study and Systematic Review with Meta-analysis. Semin 351 
Arthritis Rheum 2016. doi:10.1016/j.semarthrit.2016.04.002. 352 
[10] Cross M, Smith E, Hoy D, Nolte S, Ackerman I, Fransen M, et al. The global burden of hip 353 
and knee osteoarthritis: estimates from the Global Burden of Disease 2010 study. Ann 354 
Rheum Dis 2014;73:1323–30. doi:10.1136/annrheumdis-2013-204763. 355 
[11] Hiligsmann M, Cooper C, Arden N, Boers M, Branco JC, Luisa Brandi M, et al. Health 356 
economics in the field of osteoarthritis: an expert’s consensus paper from the European 357 
Society for Clinical and Economic Aspects of Osteoporosis and Osteoarthritis (ESCEO). 358 
Semin Arthritis Rheum 2013;43:303–13. doi:10.1016/j.semarthrit.2013.07.003. 359 
[12] Choi HK. Dietary risk factors for rheumatic diseases. Curr Opin Rheumatol 2005;17:141–6. 360 
doi:00002281-200503000-00006. 361 
[13] McAlindon T, Zhang Y, Hannan M, Naimark A, Weissman B, Castelli W, et al. Are risk 362 
factors for patellofemoral and tibiofemoral knee osteoarthritis different? J Rheumatol 363 
1996;23:332–7. 364 
[14] Musumeci G, Trovato FM, Pichler K, Weinberg AM, Loreto C, Castrogiovanni P. Extra-365 
virgin olive oil diet and mild physical activity prevent cartilage degeneration in an 366 
osteoarthritis model: An in vivo and in vitro study on lubricin expression. J Nutr Biochem 367 
2013;24:2064–75. doi:10.1016/j.jnutbio.2013.07.007. 368 
[15] Felson DT, Nevitt MC. Epidemiologic studies for osteoarthritis: New versus conventional 369 
study design approaches. Rheum Dis Clin North Am 2004;30:783–97. 370 
doi:10.1016/j.rdc.2004.07.005. 371 
[16] Block G, Hartman AM, Naughton D. A reduced dietary questionnaire: development and 372 
validation. Epidemiology 1990;1:58–64. 373 
[17] Panagiotakos DB, Pitsavos C, Stefanadis C. Dietary patterns: a Mediterranean diet score and 374 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
18 
 
its relation to clinical and biological markers of cardiovascular disease risk. Nutr Metab 375 
Cardiovasc Dis 2006;16:559–68. doi:10.1016/j.numecd.2005.08.006. 376 
[18] Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW. Validation study of 377 
WOMAC: a health status instrument for measuring clinically important patient relevant 378 
outcomes to antirheumatic drug therapy in patients with osteoarthritis of the hip or knee. J 379 
Rheumatol 1988;15:1833–40. 380 
[19] Washburn RA, McAuley E, Katula J, Mihalko SL, Boileau RA. The physical activity scale 381 
for the elderly (PASE): evidence for validity. J Clin Epidemiol 1999;52:643–51. 382 
[20] Katz JN, Chang LC, Sangha O, Fossel AH, Bates DW. Can comorbidity be measured by 383 
questionnaire rather than medical record review? Med Care 1996;34:73–84. 384 
[21] Mahmood SS, Levy D, Vasan RS, Wang TJ. The Framingham Heart Study and the 385 
epidemiology of cardiovascular disease: a historical perspective. Lancet 2016;383:999–1008. 386 
doi:10.1016/S0140-6736(13)61752-3. 387 
[22] Felson DT. Epidemiology of hip and knee osteoarthritis. Epidemiol Rev 1988;10:1–28. 388 
doi:10.1038/nrrheum.2010.191. 389 
[23] Alfano CM, Day JM, Katz ML, Herndon JE, Bittoni MA, Oliveri JM, et al. Exercise and 390 
dietary change after diagnosis and cancer-related symptoms in long-term survivors of breast 391 
cancer: CALGB 79804. Psychooncology 2009;18:128–33. doi:10.1002/pon.1378. 392 
[24] Chrysohoou C, Panagiotakos DB, Pitsavos C, Das UN, Stefanadis C. Adherence to the 393 
Mediterranean diet attenuates inflammation and coagulation process in healthy adults: The 394 
ATTICA Study. J Am Coll Cardiol 2004;44:152–8. doi:10.1016/j.jacc.2004.03.039. 395 
[25] Sokolove J, Lepus CM. Role of inflammation in the pathogenesis of osteoarthritis: latest 396 
findings and interpretations. Ther Adv Musculoskelet Dis 2013;5:77–94. 397 
doi:10.1177/1759720X12467868. 398 
[26] Chatzianagnostou K, Del Turco S, Pingitore A, Sabatino L, Vassalle C. The Mediterranean 399 
Lifestyle as a Non-Pharmacological and Natural Antioxidant for Healthy Aging. 400 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
19 
 
Antioxidants (Basel, Switzerland) 2015;4:719–36. doi:10.3390/antiox4040719. 401 
[27] Ziskoven C, Jäger M, Zilkens C, Bloch W, Brixius K, Krauspe R. Oxidative stress in 402 
secondary osteoarthritis: from cartilage destruction to clinical presentation? Orthop Rev 403 
(Pavia) 2010;2:e23. doi:10.4081/or.2010.e23. 404 
[28] Wang J, Sun H, Fu Z, Liu M. Chondroprotective effects of alpha-lipoic acid in a rat model of 405 
osteoarthritis. Free Radic Res 2016;50:767–80. doi:10.1080/10715762.2016.1174775. 406 
[29] Scoditti E, Calabriso N, Massaro M, Pellegrino M, Storelli C, Martines G, et al. 407 
Mediterranean diet polyphenols reduce inflammatory angiogenesis through MMP-9 and 408 
COX-2 inhibition in human vascular endothelial cells: A potentially protective mechanism in 409 
atherosclerotic vascular disease and cancer. Arch. Biochem. Biophys., vol. 527, 2012, p. 81–410 
9. doi:10.1016/j.abb.2012.05.003. 411 
[30] Loeser RF, Collins JA, Diekman BO. Ageing and the pathogenesis of osteoarthritis. Nat Rev 412 
Rheumatol 2016;12:412–20. doi:10.1038/nrrheum.2016.65. 413 
[31] Linos A, Kaklamani VG, Kaklamani E, Koumantaki Y, Giziaki E, Papazoglou S, et al. 414 
Dietary factors in relation to rheumatoid arthritis: A role for olive oil and cooked vegetables? 415 
Am J Clin Nutr 1999;70:1077–82. doi:10584053. 416 
[32] Drosos AA, Alamanos I, Voulgari P V., Psychos DN, Katsaraki A, Papadopoulos I, et al. 417 
Epidemiology of adult rheumatoid arthritis in northwest Greece 1987- 1995. J Rheumatol 418 
1997;24:2129–33. 419 
[33] Linos A, Kaklamanis E, Kontomerkos A, Koumantaki Y, Gazi S, Vaiopoulos G, et al. The 420 
Effect of Olive Oil and Fish Consumption on Rheumatoid Arthritis - A Case Control Study. 421 
Scand J Rheumatol 1991;20:419–26. doi:10.3109/03009749109096821. 422 
[34] Shapiro J a, Koepsell TD, Voigt LF, Dugowson CE, Kestin M, Nelson JL. Diet and 423 
rheumatoid arthritis in women: a possible protective effect of fish consumption. 424 
Epidemiology 1996;7:256–63. 425 
[35] Skoldstam L, Hagfors L, Johansson G. An experimental study of a Mediterranean diet 426 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
20 
 
intervention for patients with rheumatoid arthritis. Ann Rheum Dis 2003;62:208–14. 427 
doi:10.1136/ard.62.3.208. 428 
[36] Geusens P, Wouters C, Nijs J, Jiang Y, Dequeker J. Long-term effect of omega-3 fatty acid 429 
supplementation in active rheumatoid arthritis. A 12-month, double-blind, controlled study. 430 
Arthritis Rheum 1994;37:824–9. doi:10.1002/art.1780370608. 431 
[37] LAU CS, MORLEY KD, BELCH JJF. Effects of Fish Oil Supplementation on Non-Steroidal 432 
Anti-Inflammatory Drug Requirement in Patients with mild rheumatoid arthritis-a double 433 
blind placebo controlled study . Rheumatology 1993;32:982–9. 434 
doi:10.1093/rheumatology/32.11.982. 435 
[38] Fernandes JC, Martel-Pelletier J, Pelletier JP. The role of cytokines in osteoarthritis 436 
pathophysiology. Biorheology 2002;39:237–46. doi:10.3233/BIR-14016. 437 
[39] Zeng C, Li H, Wei J, Yang T, Deng Z, Yang Y, et al. Association between Dietary 438 
Magnesium Intake and Radiographic Knee Osteoarthritis. PLoS One 2015;10:e0127666. 439 
doi:10.1371/journal.pone.0127666. 440 
[40] Zeng C, Wei J, Li H, Yang T, Zhang F-J, Pan D, et al. Relationship between Serum 441 
Magnesium Concentration and Radiographic Knee Osteoarthritis. J Rheumatol 442 
2015;42:1231–6. doi:10.3899/jrheum.141414. 443 
[41] Davis C, Bryan J, Hodgson J, Murphy K. Definition of the mediterranean diet: A literature 444 
review. Nutrients 2015;7:9139–53. doi:10.3390/nu7115459. 445 
 446 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
Table 1. Descriptive findings of the participants by adherence to Mediterranean diet.  
 
Q1 
(n=1328) 
aMED<25 
Q2 
(n=939) 
aMED 26-28 
Q3 
(n=1236) 
aMED 29-32 
Q4 
(n=856) 
aMED >33 
P value* 
aMED score 22.1 (2.8) 27.1 (0.9) 30.4 (1.1) 35.0 (2.0) <0.0001 
Energy intake (Kcal/day) 1399.7 (600.7)a,b,c 1409.9 (566.7)a,d,e 1436.3 (577.0)b,d,f 1419.3 (518.7)c,e,f 0.43 
Age (years) 59.3 (8.9) 61.3 (9.1)g 62.0 (9.2)g,h 62.9 (9.1) h <0.0001 
PASE (points) 161.1 (89.9) i,l.m 160.9 (80.3) i,n,o 160.9 (81.0) l,n,p 163.7 (82.2)m,o,p 0.86 
Females (n, %) 714 (53.8) 552 (58.8) 731 (59.1) 325 (62.0) 0.001 
White race (n, %) 949 (71.5) 756 (80.5) 1048 (84.8) 750 (87.6) <0.0001 
Smoking (previous/current) 713 (53.7) 473 (50.4) 664 (53.7) 437 (51.1) 0.27 
Graduate degree (n, %) 323 (24.3) 284 (30.2) 391 (31.6) 327 (38.2) <0.0001 
Yearly income (< 50,000 $) 718 (54.1) 560 (59.6) 750 (60.7) 554 (64.7) <0.0001 
Medical conditions      
BMI (Kg/m2) 29.6 (4.9) 28.9 (4.7) 28.2 (4.7) 27.4 (4.5) <0.0001 
Fractures (n, %) 208 (15.7) 181 (19.3) 223 (18.2) 154 (18.0) 0.14 
Heart attack (n, %) 34 (2.6) 14 (1.5) 13 (1.1) 24 (2.8) 0.007 
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Q1 
(n=1328) 
aMED<25 
Q2 
(n=939) 
aMED 26-28 
Q3 
(n=1236) 
aMED 29-32 
Q4 
(n=856) 
aMED >33 
P value* 
Heart failure (n, %) 37 (2.8) 14 (1.5) 16 (1.3) 17 (2.0) 0.03 
Stroke (n, %) 44 (3.4) 30 (3.2) 28 (2.3) 26 (3.1) 0.41 
COPD (n, %) 34 (2.6) 20 (2.2) 24 (2.0) 18 (2.1) 0.72 
Diabetes (n, %) 128 (9.9) 87 (9.4) 72 (5.9) 41 (4.9) <0.0001 
Cancer (n, %) 32 (2.5) 40 (4.4) 43 (3.5) 47 (5.5) 0.002 
Presence of one or more disease (n, %) 347 (26.3) 247 (26.5) 259 (21.1) 211 (24.7) 0.03 
 
Notes: The data are presented as mean (with standard deviations) for continuous variables and number (with percentage).  
* P values were calculated using the Analysis of Variance for continuous and chi-square test for categorical ones, respectively.  
a-p
 Means not sharing a superscript letter are significantly different at a Bonferroni corrected P value of 0.05/6 (=0.0083).  
Abbreviations: aMED: adherence to Mediterranean diet score; PASE: Physical Activity Scale for the Elderly; BMI: body mass index; OA: 
osteoarthritis; COPD: chronic obstructive pulmonary disease.  
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Table 2. Association between adherence to Mediterranean diet and presence of knee osteoarthritis.  
 
Number of  
Events/number of 
participants 
Prevalence  
(%) 
Unadjusted 
OR 
(95%CI) 
P value 
Fully-adjusted 
OR 
(95%CI) 
P value 
Q1 (aMED<25) 448/1328 33.8 1 [reference] 1 [reference] 
Q2 (aMED 26-28) 276/939 29.4 0.82 (0.68-0.98) 0.03 0.90 (0.75-1.09) 0.28 
Q3 (aMED 29-32) 330/1236 26.7 0.70 (0.59-0.83) <0.0001 0.85 (0.70-1.05) 0.13 
Q4 (aMED>33) 216/856 25.2 0.66 (0.55-0.80) <0.0001 0.83 (0.69-0.99) 0.04 
 
Notes: 
All the data are presented as odds ratios (ORs) with their 95% confidence intervals. 
*Fully-adjusted model included as covariates: age (as continuous); sex; race (whites vs. others); body mass index (as continuous); education (degree 
vs. others); smoking habits (current and previous vs. others); yearly income (categorized as > or < 50,000$ and missing data); Physical Activity 
Scale for Elderly score (as continuous);  Charlson co-morbidity index; daily energy intake.  
Abbreviations:  CI: confidence intervals; OR: odds ratio. 
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Table 3. Singular components of Mediterranean diet and presence of knee osteoarthritis.  
 
Number of events/number of 
participants  
(=prevalence, %)  
[higher adherence;  
4-5 points] 
Number of events/number 
of participants  
(=prevalence, %)  
[higher adherence;  
0-3 points] 
Unadjusted 
OR 
(95%CI) 
P value 
Fully-adjusted 
OR 
(95%CI) 
P 
value 
Cereals 1152/4009 (=28.7%) 118/349 (=33.8%) 0.82 (0.64-1.03) 0.09 0.76 (0.60-0.98) 0.03 
Potatoes 127/465 (=27.3%) 1142/3891 (=29.3%) 0.90 (0.72-1.12) 0.34 0.82 (0.65-1.04) 0.10 
Fruits 886/3170 (=27.9%) 383/1187 (=32.3%) 0.81 (0.70-0.94) 0.005 0.89 (0.76-1.04) 0.13 
Vegetables 1208/4172 (=29.0%) 61/184 (=33.2%) 0.84 (0.61-1.15) 0.27 0.97 (0.69-1.35) 0.84 
Legumes 293/871 (=33.6%) 976/3485 (=28.0%) 1.33 (1.13-1.56) 0.001 1.17 (0.98-1.38) 0.08 
Fish 126/371 (=34.0%) 1137/3962 (=28.7%) 1.30 (1.04-1.64) 0.02 1.29 (0.99-1.64) 0.06 
Meat 154/587 (=26.2%) 1116/3771 (=29.6%) 0.83 (0.68-1.01) 0.07 0.99 (0.80-1.23) 0.95 
Poultry 525/1879 (=27.9%) 738/2454 (=30.1%) 0.89 (0.78-1.02) 0.10 1.05 (0.90-1.21) 0.55 
Dairy 71/223 (=31.8%) 1198/4134 (=29.0%) 1.13 (0.84-1.52) 0.42 0.97 (0.71-1.33) 0.86 
Alcohol 508/1988 (=25.6%) 758/2355 (=32.2%) 0.72 (0.63-0.82) <0.0001 0.88 (0.77-1.02) 0.09 
Oil 147/558 (=26.3%) 1107/3759 (=29.4%) 0.87 (0.71-1.07) 0.19 0.99 (0.80-1.21) 0.88 
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Notes: 
All the data are presented as odds ratios (ORs) with their 95% confidence intervals. 
In all the analyses, we considered higher adherence to a component (as 4 or 5 points) vs. lower (0 to 3; reference).  
*Fully-adjusted model included as covariates: age (as continuous); sex; race (whites vs. others); body mass index (as continuous); education (degree 
vs. others); smoking habits (current and previous vs. others); yearly income (categorized as > or < 50,000$ and missing data); Physical Activity 
Scale for Elderly score (as continuous);  Charlson co-morbidity index; daily energy intake.  
Abbreviations:  CI: confidence intervals; OR: odds ratio.  
 
